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When one rev.ews t he cont;inuous preiC cas bein IWMa u n the fIeld of
i fiai~sttl kygluee it soon bf-,ccres ap,.arcnt thtit a fc Z'itlfl tactor
to this progress has7 been te acmusition of much oeec<.e htat thrtugwh cc
izp.rcvtzents made in air sampling instruments.

Thcoe hSo recall the arduous teaks of cal-ibratinýg, traenrporting,
setting up and dismantii w teavy puups, motors and samplin.; devices that
nreceded current develoDugentn in thi- Cf-ld certainly maust adr'Ut thait W
have come a long wey. Today, to add to our collectlion of midget iD•ifers
and acrubbers, we can have our s-election of lightweighrt pocket size
vacuum pumps, o.C. Qr D.C.. miniature :,l-sstic rotameters for measuring
rates of air flow, and smell filters that collect particles down to
fractions of a micron.

This streamlining of conventional air samplitg equipment tQ taciliteot
sample collection and thereby aid industrial tygiene investigations has
beon acconpanied by a noted increase in the output of detectors and test kits.

These Inexpensive, ccmpzct, portable, ta3izie to operate, quick detect-
ing, rapid performance, on the spot, grab samplers coetn apparently detemvze
everything fr amrsine to unsayetrical-dizethyl bydrazine. I have been
informed that even et this writing three new ones are currently under
development and soon will be. ccmercialiy available.

a.lthough detectors and test kits embrace a broad category of sampling
devices, tVi basic instrument to be discussed here consists of two parts
(a) the sampler, or mechanical device for drawing the air tu be tested
through the detacting or collecting meditn and (b) the detecting or collect-
ing medium.

The principal types of samplers are (1) electrical puaps, (2) metal
hand pumps. (3) gas aspirating ::evices (4) rubber bulbs or bellows and
() glas syringe~s. All. of these devices are usually Caibrated in advance
and are intended to be used in a rmaner that will cause a known volume of
air to pass thr-Ou4h the detecting nedium.

The ost widely used types of detecting or collecting Medi~um consist
of (1) prepard suliutions (2) special papers or filter's impret.nated with
selected ragerrs in advance or at the saawlirý; site and (_) solid granules
such as silica gel. di(tmatceous earth or alumina iapreFnated with selected
reagtnts.

tiaper rt-s.teu at tha c,tta nnhul Pýeeti.-+, lx9dstral& hygiene Foundation,

Mellco institute, ?lttsbu:&h. in, * ctober Žb, 1'3.

**The oPInions ex;eoseQ I.. ta:i6 re7oit v es tbhce Lf ti.' utuof id tire nut
to be conistirued as re c .ajtio views5 Of the .o r se



ILI~ m t t- 4  ; -c' "4 usuall : &c t, iun by: ,e-ve l>i.s; .aej ýi ;;uio;, ttic iateus ity
Of wnlih t'; 1-- or•t•.t'oi tO thle atzcsy.ae.orrcccntruition o the: Ai.>borne

LuwLtrik A in s. a- InzsArUntn , de:enling upon tae voime of air 6awupled,
the conccrn.t rat.On is indicatei by t le i Cn1ta cf tte -ta in fo.med i" the
neistecti ng tu.be,

in onlt Lypo, thl SE.nan n aev' is use.3d to sc.ub a known voluLe of
air thrc.•-n a s..~c ct &ibsotbiag solut'cn whichI changes :ol`r and the
volt•e of air re--ured to nause the color chan&e is noted. rieference to
a pztcred chart, or a kraowledge of the stoicijoarac rquitnnt-
inI~ntBS tho R'PM orf .a&E C vapor present in the air being teCtcd, ior

sme tests the collecting solution is izaediately treated with reagents
to produce a color.

With nea&rly all detectocs thUt depend upon color £ontion, the
color developed on the detecting medimi is visually observed as to
length o2 stain, cc • inton.-sity is ocenpared with standards. Standards
"usally cons-ist of selected liquid reagents already treated with xnown
amo"to of tue oubtstance being determined, or permanent colored glass,
pep;,ers or plastics. k::snmplis of such instrunents are shown in Figures
1, 2, 3 and 4. Per•maent glass standards are excellent for field use
a. i-ployed in the type of test kit shown in Figure 5. This ki- was
developed by the writer for the determination of HC2 and other gases and
vapors- Its basi, principle involves developaenrt of colors in Solution
and subs.equent canparison with a special disc and a Hellige cotanerator.

• epending upon tee remoteness of laboratory facilities and the
ur-gency required for the data, somewhat larger test kits can be assembled
ctuplec•-ly furmished with a small photoelectric colorimeter as shown in
Figure 6. Recently, West and Gaeke t developed an all purpose aemi-
quantitative gas an•yalyis test kit for detecting and identifyiag air
pollutants as shown in Figure 7, This kit contains a number of solid and
liquid riagents in addition to the electrically driven sampling assembly.
Its deiel.opcrs claim that it i-s capable of detecting, 18 comion air
contaminauts. Although designed for air pollution inestigations, it may
find same usefulaess in the field of industrial h.gýiene especially in the
heavy metal ref iniag and chemical industries.

a newly developed lead-in-air detector utilizes the principle of
aspiration provided by a constant flow of freon gas to induce suction
that causes contaminated air to pass through a filter. The filter traps
inorganic lead fume or dust and is then treated with special reagents
to ýfor a colored stail whose intensity is a Meas re of the amount of
air-borne lead present. The device is shown in Figure 8.

The toxic gas detector is a new instrument that depends upon pyrolysis
of the vapor being determined to produce a color stain in a specially
constructed detector tabe. The length of the steain indicates, for the
particular gas or vapor encountered, whether or not it is present in
concentrations below or above the currently acceptable maximum allowable
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1 Draguer Gas Do-tec tor . -ourts5 Sa%'ot) Suppl.y (emprapQhO

2. Kita.gaa dptector. (no,-t-.sN trion Industrial Ftilp1mwnt Cr1.
3. Sulfur di,,xidle detector, ('ourts) Mln, Safe"'t) Appitaroes Co.
4. Uns-ODlmLh) I Hydrazlr.,n- detoctor. Courtesy MineP Saff, Amlpi.ors T Cn.

5. H("N test kitS . Court(ý! 0  Cormw-r t Air Samplers.

6. Fleid tý-st kit *th coforimeobr. Courtes) Complact Air S'omn;;.rs,
7. Gas AnaistiS test kit . Court,.sy Kem.-Teth Laboratorl••s, lin.

8. lot1- jet lc, m i air d'-tect~r, - ourtesy Union lodoo-! trl FijVpn. Corp.
t4. Dav is toxic gas deteetr'i. CoFr#sŽDai icrgeny ji f-i
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The -Plev ii .. '1'i.,r'n in C)- ---.

it W~uid Svem ta ro r t"et ~W flnl -trjiý -ic---*- 8-~

eK#.inuer have a mulnpivt, of inrctct~ nii%: to w~choc the mast
n;-ruyie te in ter~ i.nsn ., ,.a . ta seet out nit z.atr. -.- altPi hazac P

In trtu; wurkiin-4 onvir' ftot m i~ttz r. tutre m~st Di quoo re asos ror

us expicre a few-

i, insustrcal cxpaasioa and increased : r. :uct• on •.nA',• r sorer-
health hazards.;

for1 economical niX Iorray:nicoi CctAcons u.ininst& ~ t-4 - -.ia E kAýttity
necessitates -V.,nt i-cat~u, in areas quite li.tbnt from _.t.libhed
.,irtlutrial h~ygiene strv::- n, ibis maksrm toe ;rool; -. (,r iniusza z.ia

more acute with tne ci-ji procblem of an i•creasing nub.• r A new workers
being exposed to iniustrial nealth hazards.

Mile desiring to bh n,. i;ftl&, Offi 'ci aMcvItXnc.nt ,.caltti agenZCiLs
find it difficult to se-"•ce aI1 planta as often as thna would like. plant
management and taose assigne4 to health and safety progras recognize this.
The plant • eannt afford to hire fAll time in.:ustrial nygienists an! seime
plants even consider a.fety a pt time job, Never' -eices, yrobleas of an
industrial hygiene nat%'e LCten arise. It is tue .afety can's job to
investigate, Egattr facts and Vint a solution, If ne ,L not well trained,
he has limited knowledg.e an te hszaris of oertsin Lusts, geses and vapors
and the means of cheOKin4 , amcostlnwo 1 o0..senttations. he wantz to obtain
"inaxium irnforneion w6 tha a uiiniiLa.t of financial invew.stent because n0ts
budget is limited, He tn.refore turns to detector's ani cst Oita in tu•e
hope they will help him find answers to his p.oblenuin This basic situation
is probably the prinoiyal reason way dteectcar bno test kits are- finr4 to
moar widespread use in incustry. I in not meaan to U;11, noc-ever, to it
safety men are the only users of netectar. an! test kits in industry.
Mille5 at LastmaRn Kodak reports tnat now t c'- of iastruments of this kind
are being tried out routinely in their extensive envyronwental health program.

Managezent inuire-atli pIaotes tais use cz :istctors and test kite by
its own increasing knowlcdge of industrial behlon o; blo= . it nas learned
to rely more and ore on scientific wet-nods tabt ,n Pt t.ueht to bear
upon the solution of problemz in ;rsductmon ant o•x 's t:-e smee diligent
application to injustrial hv-~iene problems. A a ii c attnv--d ",";ageaieot
now asks and wen'a to ksnow, "*nat is toe exvAo.'e?" V ... t c,:. tonvoý
"how b4anful is it?' *en it be <. aeltA7 The li.t 14a.. ,n --
toe challtzne to obtn.n iota two a W8 cn Cs a baift cum w.x., to yoceed.

at toe same t ime Manu.ement-et is Muzn m<re a.r0L 1- %; aware of tae
rit.in6 costs of installations including extensive xc"naust wt nt-iatir
systei4S. irl tbiS area el;SCially, It In nOt apt to L, SWapyu bi O~pInior
as much as convinced by facts. •Tis laces a-n a .de burden upon the
hygienist or safety zown to utilize e4uiy-e.At tn.-c can t.•in factual data
for presenatation in tat shortust possiolie time.



opUrre_ bythuý; acceptance. manufacturers of detectora and test kits
have been w)lllng to take on new problems. The formidable foe uf industrial
nige.iinsts for mnny ycears, sir-borne lead, has finally succumbed to field
dete inatis. ��Ery Industrial hygienist who has ever carried an
electrostatic precipitator has kiad the occasion to collect atmospherio
as-lesi for lead in one of Its physical states or for lead ompoundsa The
procedure has always been to submit samples to iaboxutry analysls because
the dissolution of lead, its #*paration and final determination hav always
been aufficiently laborious and cczplex to require laboratory proceduresa

The initial work "undertaken by Amdur and sllverzuanS, follownd by
fc(oanOaugtiey41 QnincA and others. has lead to the development of test kits
for the quantitative eatimstion of lead in air. Thie kite leave something
tW be desired but thxy do represent a break-through in the evaluation and
cootro, of a respected and ubiquitous health hazard. No doubt refineats
will oe forthcaming and the kits will be of considerable value In the
r-;Atection of workers against the insidious toxic effects of this element*

TBa rapid developwant Of boron hydrides as a source for more powerful
fuels and propelleats presented a new health hazard to those employed in
manufacturiag and handling this ocapound. The rapid abaorption by
iinalatiari the marked susceptIbility ,cf the nrnous sysam and the lack
of Itaediate warning symtcaatologj are major factors in boran, toxicology.
This is a typical example of a challenging new industry with its attendant
health hazards that must be recognized end evaluated immedietely. Tere
is ao better way of do ing so than ample testing of the atmoaphere with a
detector that will supply information at once as to the degree of severity
of an exposure, The challerging industrial hygiene problem bas been set
with the developmnt of a test kit that is currently available foar thi1
purýpos.

Th~e deveiopzmwit of uasyametrical-dimethyl hydrezisz as an improved
fuel for rocket engines also poses another potential health hazard.
Extrtr:ely low concentrations are irritating to mucous membraws, netting
up a ph siological re-sponae wherein the nose Caanot be relied upon to
detect iL)areasing concentrations. Cocnplete clinical studios not being
available, oo0d industrial hyglene practice dictates that imediate warning
of potentally dangerous concentrations should be made available.
Conventional air sampling aethods and analysis involve too much of a delay
when juta is required for immediate evaluation and the best recourse Is
to u•se a'qvilable test kits for this purpose.

2. J~tectors and test kits furnish imw~diate informtion in
haz&Cdous conditions:

in tkh course of atny indi.strial hygiene investigation there is a
certain amount of impatience frequently expressed in welting for laboratcoy
findings or air samples collected in the field. As a result many field
invest igatoras prefer to use detectors and test kits instead of connentioal
air a#mling and anelysts procedures. vat asi t be admitted there are a
number of advattages to *on the spot' data, especially when applied to
very toxic •ubtanwces that are odorless or possess odors that are not
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""npleSorit , 'gic1 a4I e ! ;-I to hazIardous
concentrations of' arsin,,, -arton monoxide, ihydrog6n cjanide, nickel
car~cny l. anil i0, J'itrcotenzen.e, inortganic capcunds of toxic heavy metals,
certain aiogenated hydvocarLbns, etc., Without exptriencing isnediate
d icasfort, Ottier gasus and. vapors may cause verying degrees of annoyance
but are not aecerssarily disabling until a _-ufficicnt ]uanntity has been
inhaied. in this category Pre oxides of n-,t.,½gen, certain riitileb,
4ydrogen sulfide, poosgene and others.

It i$s through the use of detectore b.nd teot Alt.s t-.st dangercusly
high concentrations of air-borne substances can be found iaimrdiately and
appropriate co.rrective :inesures taken. It is en.i:uraging to find such
progreso being made and it would be even uort assuring to htve *on the spot*
methods available for all highly toxic air-borne dusts, gasaes, vapors and
mists.

Although our current ••C values are associated with 8 hour expcsures,
there is a fallacy in assuaine that all expusures are continuous over en
eight hour period. Intermittent exiosures to air-borne dusts, gases, vapors
and mists probably occur more often in industry than do continuous exposures.
Scme years ago the writer noted the iamportance of this variance in the
chemical industry and began to develop test kits and piler analytical
procedures to evaluate intermittent exposures.0, 7 Kyi4 related the
impcrtance of tnis concept and emphasized the need for more attentxon along
this line in the aircraft industry. In reports on toxicity studies of
organic solvent vapors toxicologists are atteapting to point out concen-
trations that should never be exceeded. Gerarde 9 of Standard Oil has
undertaken further toxicological studies along this line. .ShoLld any
findings ultLa~ately disclose that information on high intermittent
con-entrationa is very valuable and denotes good industrial hygiene practice,
greater reliancE will have to be placed upon detectors and teat kits. The
iiplication here should. be emphasized, It means we may have to revise
our air sampling techniques. This does not rrran eliminating all concepts
of conventional air sampling but it does iman we may have to include
mithods that will satisfy these new requirements through the use of rapid
testing field instrumeLnts.

in an excellent report on exposures to tol.uenc diisocyanate in the
production ci' polyurethane foam, Walworth 1 0 reported at least 1000 air
samples were take:n for TDI by conventional air sampling techniques within
a !'I month period. An anblyzis of tzie uAdical recorl't however, revealed
a lack of correlation between thle magnitude of TDI vepor exposure and the
a.pearftnce of' respiratoy cases. One of the possible re•.rsuns cited for
this lack of correlation was brief exposures to relatively high TDI
onz.entration3 during periods of generally low 8ve.•'eV concentrations. It

was further stated that ttie integrating sampliag me•thod used would not
indicate short peak concentrations. This statemant fur tner supports the
belief that more attention should be given to ev'luating the extent of
shoýt tenc posue: to nigner concentrations of _,ivtwnt vapors. Other
than an expensive recorling, device, the aproencf i- freluent sampling with
"a manually operated tst kit to determine the ik •k concentrations.

.5



To vxtena tnis !ine oC thilfktaf, detectors and test kits are uaful
v.es for investigatia• cuaplainta which in the lio:nt of past history

ap~eer to be gr.uhndless. The writer can recall an episode in whioh
operats ware ccz:l•.ining about the concentration of an irritatig gas 4A
a wori;-rcCc at*.sphere. Prior to the caplaint, many samples had been
taken u.ld analyzed by conventional means and the concentrations found
wen •ne oI the Waxiium allowabla concentration. However, repeated and
more patnstsking sawpliing during the operation with a test kit sampling
•roceluce disclosed intermittent high concentrations resulting from the
sporadic releae of gas f.-cm an unexpected source. These peak concentrationi
were cauaing the complaints and were not detected when integrated into an
average Vinding by the conventional air sampling method that was previously
employed,

Th1 picture that has been presented on the use of detectors and test
kits for induatrial aygiene investigations, thus far, has been favorable.
Howver, we would be remiss in our responsibilities as hygienists if we
ignored certain conditions under whLiah the use of detectors and test kits
for field determinations might have certain drawbacks,

os'r example, if an investigator does not approach a problem in an
experienced manner and uses a kit that has no professional appearanoe his
efforts may only succeed in causing luau of respect for his own ability
and the kit's capability of performing an important function. Indeed a
casual use of a detector or test kit could convey the impression that a
few squec;zes of a rubber bulb and a quick glance at a color chart are all
tUat is r•quired to solve what may really be a complex problem in
environmental healtb. Simplifieation in the performance of a difficult
test is really apprecIated only by those who are aware of the complexities.
Moreover, the indiscriminate recomendation of detectors and test kits ay
result in too many kits getting into the hands of inexperienced personnel
who in turn may put them to ridiculous uses. Following the acquisition Ot
data, the resulting course of action may cause more consternation than
if tbe kit had not been used at all. Suppliers of detectors and test kits
are continually making claims that non-trained and inexperienced personnel
will have no difficulty in using the kits. However, experience indicates
that it would certainly be better to at least have a trained person monitor
tneir use in any extensive program.

Even assuming tha.t test kits find their way into the hands of
inexperienced, yet responsible and conscientious personnel, the sampling
location. the proper time to sample and the aumber of samples to be
taken are details tnat have considerable bearing upon the outcome of the
investigation. The vagaries of human behavior during an industrial
operation are scraetties thought provoking as well as dust provoking and
very ofter, more tact, understanding end diplomacy go into air sampling
thza van be found in the instructiosa on the label of a h&s detector,

In addition, tbht chemical and m60oanipl p Pects of teat ki• usep
shovuI be thoroughly understood. GWbell" of Los Alamos has made a
study of' certain factors affecting the validity (4f detectors end test
kits and is preparing t.ais information for publi.zation. Ie makes

6



particullar reference to uc factors as sir voiuiie, rotet o"! air flow,
humidity and size of surface area exposed as markelyi influencina the
reaction between the cont=minaznt and the reagents. It should be noted
that Qolor developaent on filter papers may be asversely afferted in
dusty atmospheres, and of course, a combination of gases and vapors may
give erroneous rýsults when the test is beng made fur Qnly one. It is
certainly the responsibility of manufacturers to point out all possible
interferences with a test at least to the best of taeir kpowledge. ixvn
the NIBS carbOn Montide indicator, one of the hbst detectors ever developed,
is subject to interferences from oxides of nitrogen under certain conditions
of use.i

2

lAst but not least, the interpretation of eir sempling re.sults must
reflect an experienced a;proach to the industrial hygiene problems that
manifested the need for the Investigation. as indicati abive much more,
goes into the picture presented to management than a few tubes of colored
granules or strips of stained saper. Managemnt. who pays the bit1:,
deserves the assurance that the proper tests have been selected so that
the results are not additive. Those intangible effects such as an over
zeaioas operator who causes more liberation of a gas to occur so the
results will be higher are quietly observed and placed in their proper
perspective by experienced hygienists. At the saie time a kaowledge of
the operation must be considered in conjunction with air sampling results
to determine if the operation has been reduced in magnitude owing to
cutbacks in production or reduced demand. 4uch action could give very
low results in the air samples taken but would not represent the conditions
of exposure under optimum operation,

If all these considerations are regarded as valid it occurs to me that
recourse might be made to some independent agency to evaluate detectors
and test kits and issue periodic reports. Various governmental agencies
and technical societies are in the process of testing and recounending
acceptable rthods for &5impling and analysis. Perhaps this could be made
a part of their program. A reliable agency approving a test kit as being
satisfactory for what it is supposed to do would enhance the prestige of
the kit and dispel doubts concerning its application and use.

I firmly belie(i that test kits will continue to play a dominant
role in the evaluatioL of health hazards. The point is to prevent their
becming the hope of the safety man, the despair of the purists and the
dilemma of the industrial hygienist. Our profession cannot tolerate such
three headed monsters. Cooperative efforts on the part of zanufacturers
and users will eventually help detectors and test kits achieve the instruntal
class distinction to which they rightfully belong. Avasons have been given
as to how they could take a decisive part in future lnvesticuýtive work
instead of being rtlegated to an emergency instr,eent for ;.reitrAarary
inves tigat ions.

It must be remembered tnat when we hiold on •Lr s•apling device in our
hands, we may also hold the life of a Cello- hkr n being. They bot6 deserve
the best we have to offer.
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The improvements and versatility found in detectors and test kits
are a natural outgrowth of miniaturization of conventional air sampling
equ.1prent. Test kits are beiag used mre ard auore in iodustrial hygiene
investigations becaune taey are relatively inexpensive, they ap,ASl to non-
technical personnel and are capable of detecting hazardous concentrations
immediately so that corrective measures can be taken. Instances of actual
application of test kits have been described and future applications
have been indicated. However, all users are admonished that test kits
are subject to interferences, the findings are frequently estlautes only,
and abuse is possible in the hands of non-trained personnel. Hence the
selection and use of a detector or test kit should be accmplished with
professional apprecaation of the entire industrial health problem involved.
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